This study investigated the colonization of slime-producing coagulase-negative Staphylococcus (CoNS) in 80 patient wards in Turkey (40 vinyl and 40 ceramic tile floors). A total of 480 samples that included 557 CoNS isolates were obtained. Slime production was investigated with the Christensen method and methicillinsusceptibility was tested by the diskdiffusion method. There was a significant difference in the percentage of slimeproducing CoNS isolates on vinyl (12.4%) versus ceramic tile flooring (4.4%). From vinyl flooring, the percentage of slime producing methicillin-resistant CoNS (MRCoNS) (8.9%) was significantly higher than for methicillin-sensitive CoNS (MSCoNS) (3.6%), whereas there was no difference from ceramic tile flooring (2.5% MRCoNS versus 1.8% MSCoNS). The most commonly isolated slime-producing CoNS species was S. epidermidis on both types of flooring. It is concluded that vinyl flooring seems to be a more suitable colonization surface for slime-producing CoNS than ceramic tile floors. Further studies are needed to investigate bacterial strains colonized on flooring materials, which are potential pathogens for nosocomial infections.
Introduction
Nosocomial infections (NIs) continue to be a major problem, because of their higher morbidity and mortality, longer hospitalization period and higher cost of treatment than classical infections. While these infections are encountered in at least 5% of hospitalized patients in the USA, this rate has been reported to be up to 27% in developing countries. 1, 2 It has been emphasized that NIs cause the deaths of 88 000 people each year in the USA and are responsible for an estimated $4.5 billion increase in healthcare costs. 1 Coagulase-negative staphylococci (CoNS) are among the most important microorganisms in nosocomial bloodstream infections. These bacteria can be pathogenic, especially in immunocompromised patients with haematological and other H Yazgi, MH Uyanik, A Ayyildiz Colonization of slime-producing CoNS on vinyl and ceramic surfaces malignancies, and in patients with foreign bodies such as invasive catheters. 3 CoNS are characterized by their ability to adhere to and grow on solid surfaces and, subsequently, to produce polysaccharide slime; the extracellular slime may protect the bacteria against immunological host defence mechanisms and antimicrobial therapy. 4 Many studies have also shown that the slime-producing capacity of an infecting strain correlates with the clinical outcome of the infection. 5, 6 Efforts towards the prevention of NI have, therefore, become more important. One of these measures is the implementation of vinyl flooring material on the floors of patient wards, clinics, intensive care units and operating rooms.
The aim of this study was to compare the colonization rate of slime-producing CoNS in patient wards that have vinyl or ceramic tile flooring material.
Materials and methods

STUDY PROTOCOL
This study was carried out by the Department of Microbiology and Clinical Microbiology, Faculty of Medicine, Ataturk University, Turkey, in April 2008. The specimens were obtained from the floors of patient wards, covered by either vinyl or ceramic tile flooring material, in the paediatric, internal medicine, orthopaedic and traumatology, and chest surgery clinics.
SPECIMEN COLLECTION
A total of 480 floor surface samples were obtained from 80 different patient wards (40 vinyl-covered and 40 ceramic tile-covered). The samples were taken with sterile cottontipped swabs moistened with phosphatebuffered saline (pH 7.2) from six different areas of each ward.
BACTERIAL IDENTIFICATION
The swabs were used to inoculate sheep blood agar (SBA) plates which were then transported to the research laboratory within 2 h. The inoculated SBA plates were incubated at 37°C for 48 h. After incubation, staphylococcal colonies were identified according to colony morphology and studied further, as described below. Basic identification of staphylococci was determined by Gram staining as well as by the catalase and tube coagulase tests. Methicillin-susceptibility testing was performed by the disk-diffusion method on Mueller-Hinton agar (Oxoid, Basingstoke, UK) with 1 µg cefoxitin (Bioanalyse, Ankara, Turkey).
Evaluation of methicillinsusceptibility testing was performed according to the recommendations of the Clinical and Laboratory Standards Institute. 7
ADHERENCE AND SLIME PRODUCTION
Slime production was investigated by the method of Christensen et al. 8 American-type Culture Collection strains of S. epidermidis ATCC 35983 (tube-adherence test positive) and S. hominis ATCC 35982 (tube-adherence test negative) were used as control organisms. Slime-producing isolates were identified to the species level by API Staph (bioMerieux, Craponne, France).
STATISTICAL ANALYSIS
The data were analysed by hypothesis testing for two proportions from independent groups using the Microsta program (Ecosoft, Indianapolis, IN, USA). P-values < 0.05 were considered to be statistically significant.
Results
A total of 557 CoNS isolates were obtained from the 480 floor surface samples. The distribution of CoNS isolated from vinyl and H Yazgi, MH Uyanik, A Ayyildiz Colonization of slime-producing CoNS on vinyl and ceramic surfaces ceramic tile flooring materials according to their slime production ability and methicillin susceptibility are shown in Table 1 .
A total of 12.4% CoNS isolates from vinyl flooring material were slime producing compared with 4.4% from ceramic tile flooring material and this difference in colonization rate between the two surfaces was statistically significant (P < 0.05). The percentages of slime-producing methicillin-resistant CoNS (MRCoNS) and slime-producing methicillinsensitive CoNS (MSCoNS) isolates obtained from vinyl flooring material were 8.9% and 3.6%, respectively and this difference was also statistically significant (P < 0.05). The percentages of slime-producing MRCoNS and MSCoNS isolated from ceramic tile flooring material were 2.5% and 1.8%, respectively, and this difference was not statistically significant (Table 1) . Table 2 shows the various species of slimeproducing CoNS that were identified. The most commonly isolated slime-producing CoNS species was S. epidermidis, which was found on both flooring materials.
Discussion
The prevention of NI is an important focus in all countries but, in developing countries, NI is a major cause of death. In recent years 
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increasingly intensive studies and practices have been implemented aimed at controlling NI due to the significant morbidity and mortality, and also the significantly increased treatment costs associated with these infections. 9 -11 In addition, the high-spectrum antibiotics that are used to treat NI may contribute to the development of resistant species. In contrast to the situation in the 1970s, major shifts in the aetiology of NI have occurred in the 1980s and early 1990s, most noticeably toward more antibiotic-resistant pathogens, of which the CoNS are a major group; 12 CoNS are the species most frequently isolated in hospital infections. 13 Some CoNS species produce a slime factor, which provides the ability to adhere to and grow on solid surfaces. 4 One of the roles of extracellular slime is the formation of a biofilm on the surface of biomaterials, which may also function as a penetration barrier to antibiotics. 12 Multi-drug resistance has been shown to be statistically significantly higher in slime-positive compared with slimenegative S. epidermidis. 14 Several authors have indicated the production of exopolysaccharide or slime as an epidemiological marker of infection. 8, 15 One important factor in micro-organism transmission from person to person or person to the environment is the ability of that micro-organism to survive on an environmental surface. Contamination and colonization of surfaces are important in the transmission of staphylococcal NIs and hospital surfaces can be a reservoir for a variety of micro-organisms that have the potential to cause NI when transmitted directly or indirectly to patients. 16 -18 In previous studies, it was concluded that airborne CoNS are responsible for surgical wound infections in operating rooms. 19 -21 Dust particles from walls and floors may enhance the survival or growth of bacteria and provide infectious reservoirs, which then have a role in the spread of infection. 21 -24 One of the flooring materials that is common in hospital wards and clinics is sheet vinyl. It is the material of choice because of its durability, ease of maintenance, infection control and cost of maintenance, in that order. 25, 26 Ceramic tiling, however, remains the most popular choice for flooring in patient bathrooms because of its consistent performance in wet areas. The present investigation of CoNS colonization on these two commonly used flooring materials showed that a significantly greater percentage of slime-producing CoNS were isolated from vinyl floor coverings than from ceramic tile floor coverings. Similarly, our findings indicated that the percentage of slimeproducing MRCoNS isolated from vinyl flooring materials was significantly greater than the percentage of slime-producing MSCoNS, whereas there was no significant difference between colonization of slimeproducing MRCoNS and MSCoNS for ceramic tiled floors. In addition, the slime-producing CoNS species isolated in the present study were NI agents, as reported in other studies. 27 -29 To our knowledge there are no similar published studies on bacterial colonization of vinyl and/or ceramic tile flooring materials, so it is not possible to compare the current results with the literature. Our results indicate, however, that vinyl flooring material may be a microbial reservoir for slime-producing CoNS (particularly in busy areas associated with patient care), although they do not provide information on whether this reservoir is epidemiologically relevant for infections in patients. This investigation was conducted to obtain specific microbial and epidemiological data to determine whether microbes are colonized on vinyl flooring material. Further epidemiological studies should be performed to investigate
